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ABSTRACT

The purpose of the research was to determine the effectiveness ot uti-
lizing a grid-type reticle, graduated in turns of the azimuth and elevation
controls of the M60 tank, for gunlaying against enemy gun fire at night.
Using the experimental reticle in a simulated firing situation, six experi-
enced and seven inexperiencecd gunners localized and laid an M60 tank gun
on each of 40 flashes. Though no group differences were significant,
these two groups of gunners performed somewhat more accurately, but
laid less quickly onthe average, than athird group, which used the stand-
ard reticle. In the simulated situation, performance was better than it
was in a field study. Factors which may have operated in the field study

to degrade performance are discussed.
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INTRODUCTION
Background

In a study in which the fire control system of the M48 tank was em-
‘ployed, Kraemer (1962, pp. 15-16) concluded that accuracy of gun-flash
localization at night was reduced because of two factors: a) The gunner's
periscope reticle covered only a small central portion of the field of
view (approximately 25%), andtherefore provided too few reference points
to enable the gunner to locate flashes accurately. b) Suitable instruments
were not available for translating readings in mils into movements of the
gunlaying controls.

For these reasons, he made three proposals (1962, p.v) for changing
the fire control system of the tank to provide for more accurate laying
against gun flashes .1 Itwas recommended in his report "that at least one
of the optical systems on any tank be designed to permit accurate flash lo-
calization, " and that the development of ''one of the systems proposed' be
considered.

The three propoéed optical systems vary in the amount of improve-

ment to be expected in flash localization and subsequent gunlaying

I’Ihe three proposals are the following: ‘‘l1. An optical system incor
porating...an image retention surface in the sight...a grid-type reticle
graduated 1in mils...and mil counters for azimuth and elevation, visible in
the sight.

‘2. An optical system incorporating...a grid-type reticle graduated in
mils...and mil counters for azimuth and elevation, visible in the sight.

‘‘3. An optical system incorporating a grid-type reticle graduated in turns
of the hand-traversing drive assembly and the elevation hand-pump assembly.’’
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accuracy. The first would resuit in the greatest improvement, but would
require the most extensive modification of current tank fire control sys-
tems. The third would require the least modification-—~installation of a
new reticle—but with such a change, accuracy would depend largely on the
skill and training of the gunner.

United States Continental Army Command concurred in the recommen-
dation in the report, '‘subject to the conduct of a field...experiment to
determine whether a.. redesign in the optical and fire control system of the
tank is warranted, "2 and requested that such an experiment be conducted
jointly by the USA Armor School and the USA Armor Human Research Unit.
The Problem

In these studies the problem was to determine the gain in accuracy in
flash localization provided by a grid-type reticle graduated in turns of the
hand-traversing drive assembly and the elevation hand-pump assembly.

The experimental reticle is shown in Figure 1. Because one complete
turn of the turret traverse hand crank moves the gun 16 mils horizontally,
the width of each rectangle in the grid is 16 mils. The heightof each rec-
tangle is 12 mils because one turn of the elevation hand pump moves the
gun that distance vertically. Because of the optical design of the system,
the extent of the reticle was limited to .7 of the field of view.

Two studies of gunlaying against flashes were conducted. The first

2Letter, ATING -TNG 200.3, 26 March 1962, HQ USCONARC to Chief
of Research and Development, DA, subject, “Comments on HumRRO draft
technical report, Subtask ARMORNIIE X."
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Experimental Reticle Used in Both Studies
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was an evaluation under simulated starlight conditions; the second was an

evaluation in the field at night.

THE LABORATORY STUDY
Method
Subjects. Three groups (a total of 20 gunner subjects) were used.
All Ss attained near and far visual acuity scores of at least 20/40 on the

Armed Forces Vision Tester. A group of seven inexperienced Ss and a




group of six experienced Ss used a new (experimental) reticle. A third
group of seven experienced Ss used the old (standard) reticle. The expe-
rienced Ss were currently assigned to armor; the inexperienced Ss were
infantrymen who had no familiarity with tanks. The purpose of employing
an inexperienced group was to determine if the results might be biased
because of a preference for the familiar reticle.

Apparatus. An M60 tank was stationed in a darkened building. The
inside of the turret was blacked out by taping all openings. Only the 8-
power channel of the M3l gunner's periscope remained untaped. The
periscope reticle was illuminated in red by the instrument light. A dia-
gram of the cxperimental apparatus is shown in Figure 2.

Gun flashes were simulated by an electronic flash unit (Heiland Model
64-A) which had a flash duration of 1/2000 sec. The reflectox of this unit
was masked down to 4.5 cm. in diameter. The flashes were set off from
precise locations on a plywood panel, 122 cm. high and 244cm. wide,
mounted vertically in front of the tank; the center of the board was 15 m.
from the periscope window. At this distance 1.5 cm. on the board repre-
sented 1 mil fromthe gunner's point of view. A matrix of small holes had
been drilled in the center of the panel. These holes were 5 mils apart,
and covered an area 50 mils high by 80 mils wide. The flash unit, which
was held in a special mount, could therefore be placed in any location de-
sired. To reduce the intensity of the flashand to prevent the gunner from

seeing the flash unit or receiving other undesirable cues, two welder's
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Experimental Apparatus for the Laboratory Study
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' mask lens plates, each a shade No. 6, were used as filters in front of the
periscope window.

A horizon was simulated in the gunner's field of view by a canvas
screen which provided a background behind the top edge of the plywood
panel. Floodlights were used to make this background intensely bright .

The combination of lighting and filters was such that S had tobe dark-

adapted before he could see the simulated horizon. There were no other

outside spatial cues. When the periscope sight was laid on the center of
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the panel, the horizon bisected the upper half of the field of view.

A projection pointer (Ednalite Model 120-A) was mounted on the gun
tube as close as possible to the line of sight of the periscope and zeroed
in with it. The pointer projected a spot of light (.25 cm in diam.)on the
target panel to indicate the exact position of the lays made by the gunner.

Intercommunication was provided between the target panel and the in-
side of the turret to facilitate the giving of "ready" signals and relaying
instructions.

Procedure. The same procedure was used with each group of Ss,ex-
cept that one group of experienced gunners employed the standard reticle
during the study. The other experiencedgroup andthe inexperiencedgroup
used the experimental reticle. The following pretraining and testing pro-
cedures were used for all groups. |

1. Reticle Reading. For each group of Ss, the appropriate reticle

design had been reproduced on sheets of paper (8 by 10.5 in.). On each
of 50 sheets, a dot was marked to represent one of 50 randomly selected
flash positions. After instruction, the Ss were required to read these po-
sitions in terms of hand cranks, giving the azimuth readings first, then
the elevation readings. The Ss continued this practice until they could
read the 50 locations with an error of no more than 1 mil (1/16 or 1/12 of
a ha.d crank).

2. Hand-Crank Estimation. This pretrainingtookplace on a training

device which consisted of the two fire control hand assemblies mounted in

oot 3 m o ae
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the sam. position, relative to each other and to the gunner, as in the tank.

The "feel'" of the controls approximated that inthetank. Giantscales pro-

viding readout in fractions of hand cranks were connected to the controls

by means of selsyn motors. Because whole turns of the hand crank were
not difficult, the Ss were given practice in making fractions of a turn. An
informal procedure, lasting approximately 30 min., was employed in
teaching the Ss to operate the hand controls in this fashion. The practice
ended when S demonstrated the ability to adjust the azimuth crank within
sixteenths of a turn and the elevation crank within twelfths of a turn.

3. Practice in Reading the Reticle. The Ss were seated in the M60

tank one at a time; each S was presented with the same set of 20 suc-
cessive pretest flashes, each in a different position. These flashes were
different from those used for the test and were selected at vrandom from
the matrix. After each flash, S was required to report azimuth and ele-
vation readings (in that order), in terms of hand-crank turns.

All pretraining took place on the afternoon before testing. The Ss
were pretrained in pairs, one S following the other.

4. Experimental Test. The experimental test took place the morn~

ing after pretraining. The Ss were required to call out their reading of
the position of the flash, in hand-crank turns, then to turnthe hand cranks
a corresponding amount. After making three practice readings and gun
lays, each gunner made one reading and lay of the gun against each of the

40 test~flash positions. Lays were made at approximately 3-min. inter-




vals, with about a 50-min. rest period after the first 20 trials.

Before each flash, the S fixated onthe center of the reticle, which was
aimed at the center reference point of the panel, and announced through
the intercom that he was ready; 5 sec. later the flash was set off. Imme-
diately after the gunner announced that he had completed a lay, the flash
was set off again in the same position to provide him with knowledge of
results.

One experimenter was stationed in the tank with the gunner. He re-
corded the reticle readings called out by the gunner and gave him relaying
instructions. To reposition the line of sight on the center of the board
after each lay, the gunner was requi\‘red to make, in reverse, the amount
of hand-crank movement which he had used tolay the gun. Further adjust-
ments needed to bring the light of the projection pointer back tothe center
of the board were given by the experimenter at the board to the experi-
menter in the tank.

The accuracy of the lay, and of the gunner's relay, was determined
by reading the location of both, as shown by the projection pointer on a
.25-cm grid on the board.

Results

The results of the study are summarized in Table 1. The data are
presented as exror scores computed as deviations from true values with-
out regard to sign. The medians as well as the means are shown, be-

cause the data were badly skewed. The Ss occasionally read and laid
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Mean and Median Reading and Laying Errors in Mils
{Laboratory $tudy)

R i "
Old Reticle _Experimental Reticle.
Experienced Comb 1ned Inexperienced Experienced
Group Groups . Group Group
Azim Elev Azim flev Azim Elev Azim Elev
20 Pretest Readings
MEAN 8.26 3.9% 2.32 .51 1.9 2.25% 2.717 2.82
MED | AN 3.00 2.00 1.50 2.00 1.50 1.50
40 Test Readings
MEAN 3.34 3.3 2.31 .37 2.33 2. 2.29 2.29
MED | AN 2.00 3.00 2.00 2.00 1.2 2.00
40 Test Lays
MEAN .27 3.%6 3.38 4. 1M 3.5% 3.62 3.19 2.57
MED | AN 3.19 2.93 2.24 2.58 2.37 2.5%
40 Return Lays
MEAN 1.32  1.12 188 (.4 1.69 1.81 1.15 .94
MED I AN .69 .69 .52 .69 .35 .60
Mean Time in Seconds t o Make a Lay
33.00 35. % 7.7 33.89

*For the combined experimental groups , no nedians were computed.

on the reflection of the flash rathex than on the flash itself. This cir-
cumstance resulted in large error scores, which are of course reflected
in the means.

Mann-Whitney U tests (Siegel, 1956, pp. 116-127, 276-277) of differ-

ences between all thc error scores o inexprrienced and experienced gun-

ners who used the new reticle were computed, for each flash separately.

No more significant U's than can be explained on the basis of chance were
obtained. The data for both groups which used the new reticle werethere-
fore combined for comparison with tme exror scores of the group which used
the standardreticle. Mann-Whitneyr U tests of all the scoredifferences be-
tween the groups which used the two reticles were computed; no more sig-

nificant U's than can be explained o1 the basis of chance were obtained.

~
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As shown in the table, however, on the basis of reading scores alone
the new reticle appeared to be superior to the old reticle, though the dif-
ferences were not significant. On the whole task of laying the gun, which
includedboth reading and control movements, use of the new reticle tended
to result in more accurate performance than use of the old. The return
error, which is independent of reading accuracy, was smaller for the
group that used the old reticle. In the average time required to lay the

gun, the group that used the old reticle appeared to be better.

THE FIELD STUDY

Method

Subjects. Two groups (a total of 12 gunner subjects) were used. A
group of five Ss had received experience in the simulated situation approx-
imately a month earlier. A group of seven Ss had received no experience
in flash localization, but were currently assigned to Armor.

Apparatus. Three M60 tanks were lined up on a level surface facing
an M48A2 tank which had an M4Al gun-flash simulator mounted on the gun
" tube. The three M60 tanks were approximately 800 m. from the M48A2.
Each M60 had a different version of an experimental reticle mounted in
the M3l gunner's periscope. Two of these experimental reticles are
shown in Figures 3 and 4. The other reticle used in the field study was
the experimental reticle used in the fifst study.3 (See Figure 1.) An Ml

gunner's quadrant was employed for making elevation readings, und the

3Kraemer, Easley, & Hall (1962, p. 9) found no differences in performance
with these three reticles.
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: 'g azimuth indicator was used for recording azimuth readings. The unity
i
_ sight of the M3l periscope wastaped, sothat the gunner could see only the
view from his 8-power sight.
The study was conducted on an overcastnight with one quarter moon-
- light.
Version of Experimental Reticie Used in the Field Study
T T T
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Figure 3
Procedure. The procedure followed was the same for the two groups
of Ss, experienced and inexperienced. The same 18 flashes were local-
ized by every S, and the flashes were presented one at a time. Flash
o 1
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Vorsion of Experimental Reticle Used in the Fleld Study
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positions hadbeen chosen by random sampling. The Ss were run in groups
of three. After localizin:, six flashes, these Ss received a break while
another group.‘of three Ss received the next six flashes—and so on, until
all Ss had received 18 flashes. The M48A2 tank with the M4Al gun-flash
simulator remained stationary. Each of the M60fire control systems was
zeroed in on the gun-flash simulator. Before each flash, each of the ex-

perimenters in the tanks adjusted the gunlaying controls to establish a
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predetermined offset from the flash, and thereby to position the flash in
each tank on the chosen spot in the field of view. When all tanks were
ready, a signal was given tothe gun-flash simulator crew, and within sec-

onds a flash was fired. The gunner called out his reading of the position

of the flashand then moved the gun controls a corresponding amount. The

position of his lay was determined by the experimenter by means of the

azimuth indicator and the M1 gunner's quadrant, and was then recorded.

Results

Shown in Table 2 are the mean errors in reading and gunlayiné for

each S for the 18 flash positions. These data reveal that mean error was

~ considerably greater in the field situation than it was in the laboratory

situation. Mean reading errors which were larger than mean lay error
are designated by an asterisk in the table. Such a finding may have been

the result of several circumstances. There may have been errors in

Table 2

Mean Reading and Lay Errors in Mils
(Fiold Study)

Azimuth Elevation

SUBJECT
Reoding Lay Regding Lay
1 2.06 2.56 5.75* 3.39
Trained 2 11.89 12.17 18.78 21.17
Group 3 n.azr* 10.39 16.33 16.36
4 5.56 5.67 3.61* 3.38
5 2.65 3.06 4.18% 2.94
6 6.35 9.76 6.35 7.14
7 14.35 ¥8.76 nmn 13.49
Untrained 8 1.89* 1.61 4.06* 1.74
Group 9 18.44 19.11 20.61" 18.05
10 27.61* 20.50 15.39 18.24
11 5.56 5.67 6.56" 6.48
12 11.94 12.29 23.61* 15.24

*Reading error is large: than loy errer.
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recording due either to instrument variance or to experimncnter variance.
Or the gunners may have utilize: references other than the reticle, or
additional cues, in making their ley«. Although the mean exrors madeby
some of the untrained gunners were the largest made, not all the trained

gunners performed better than the untrained gunners.

DISULSSION

Although the findings of the first study were not significant, they sug-
gested that a small gain in accuracy occurred when the new reticle was
employed. The decrement in performance that occurred in the field situ-
ation might have been expected. No filters were employed which would
reduce the size of the flash, and the measurement of performance was not
as precise as that used in the simulated situation. It might be anticipated
that at least as much decrement would occur if the old reticle were sim-
ilarly employed.

Although large variability in performance between gunners was ex-
pected with the old reticle, it was not predicted with the new one, for the
new 'reticle supplied a greater field of reference. Such a wide variation
in performance might occur whentraining was not effective or when moti-
vation was low. Although both factors may have contributed to the vari-
ance, it is more likely that other factors are responsible. The optics of
the periscope causes an aberration of the image of the flash when it occurs

beyond thelimits of the exit pupil; under such circumstances, precise lo-

calization of the center of the flash is difficult. Moreover, there isa
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certain amount of play in the hand cranks themselves this play further
decreases the accuracy of the lays. For these reasens, any fire control
system which incorporates only an improved reticle design will produce

gains in accuracy which are both small and unstable.
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